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EXECUTIVE  SUMMARY 


This  report  summarizes  an  evaluation  of  the  potential  benefits  of 
I implementing  the  products  of  selected  FAA  Engineering  and  Development 

(E&D)  programs  at  eight  major  airports  that  have  been  subjects  of 
special  Task  Force  efforts. 

The  following  E&D  elements  were  included  in  the  analyses: 

- Wake  Vortex  Advisory /Avoidance  System  (VAS/WVAS) 

ij  - ATC  System  Automation,  including  Metering  and  Spacing  (M&S) 

I - Discrete  Address  Beacon  System  (DABS) 

I - Airport  Surface  Traffic  Control  (ASTC) , including  improved 

Airport  Surface  Detection  Equipment  (ASDE-3)  and  Tower 
Automated  Ground  Surveillance  (TAGS) 

- Area  Navigation  (RNAV) 

- Microwave  Landing  Systems  (MLS) 

APPROACH  TO  EVALUATION  OF  E&D  IMPACTS 

The  evaluation  of  the  impacts  of  the  E&D  elements  at  the  eight  air- 
ports was  divided  into  two  parts.  One  part  consisted  of  the  evalua- 
tion of  the  impacts  of  ASTC,  RNAV,  and  MLS.  These  impacts  were 
developed,  for  the  most  part,  from  previous  studies  by  several 
organizations  as  to  the  expected  benefits  of  each  of  these  elements. 
The  studies  were  augmented  as  necessary  by  new  site  specific  analyses. 

The  other  part  consisted  of  the  evaluation  of  the  impacts  of  WVAS,  ATC 
System  Automation  and  DABS  on  airport  capacity.  For  this  purpose 
several  likely  future  ATC  environments  were  defined.  These  environ- 
ments reflect  implementation  of  E&D  elements  in  the  order  in  which 
they  might  be  realized  in  the  operational  system. 

1.  In  the  near  term,  the  Vortex  Advisory  System  (VAS)  and  Basic 
Metering  and  Spacing  are  expected  to  improve  M&S  delivery 
accuracy  and  permit  reductions  in  the  4,  5 and  6 nmi  IFR  wake 
vortex  separations  when  VAS  observations  of  meteorological  con- 
ditions indicate  it  is  safe  to  do  so,  while  maintaining  the 
current  3 nmi  minimum  IFR  separation  standard  for  aircraft 
pairs  not  impacted  by  wake  vortex. 
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2.  In  the  intermediate  term,  Basic  Metering  and  Spacing  is 
expected  to  be  supplemented  by  the  Wake  Vortex  Avoidance  System 
and  some  improved  surveillance  capabilities  for  the  controller 
(e.g.,  digitized  display  of  separation  measures,  computer 
generated  alarms).  In  this  analysis,  the  basic  IFR  arrival 
separation  standard  is  reduced  to  2.5  nmi  for  those  aircraft 
pairs  currently  governed  by  a 3 nmi  separation  standard . 

Other  aircraft  pairs,  separated  by  more  than  3 nmi  today  be- 
cause of  wake  vortex  hazard,  are  assumed  to  have  significantly 
reduced  separation  requirements  as  well,  but  to  a level  above 
2.5  nmi.  Reduced  departure  separation  requirements  are  also 
assumed . 

3.  In  the  far  term,  it  is  anticipated  that  the  Metering  and 
Spacing  system  will  evolve  to  an  improved  capability,  and  the 
Discrete  Address  Beacon  System  will  be  introduced.  The  basic 
IFR  arrival  separation  standard  is  assumed  to  be  reduced  to  as 
low  as  2 nmi  for  the  least  vortex  impacted  aircraft  pairs  (e.g.  , 
large  aircraft  following  small  aircraft).  For  other  aircraft 
pairs,  spacings  are  also  further  reduced  in  this  analysis,  but 
remain  at  values  larger  than  2 nmi.  Departure  separations  are 
assumed  to  all  be  reduced  to  60  seconds.  Obviously,  this  far 
term  capability  requires  extensive  E&D  effort  to  arrive  at  an 
Implementable  state. 

Comparable  inputs  were  also  developed  to  reflect  the  application  of 
EiD  elements  in  VFR  conditions  for  the  near,  intermediate  and  far 
term. 

IMPACT  OF  VORTEX  SYSTEMS.  ATC  SYSTEM  AUTOMATION  AND  DABS 

The  Impact  of  WVAS,  ATC  System  Automation,  and  DABS  through  reduced 
spacings  on  airport  capacity  is  summarized  in  Table  1.  The  percen- 
tage capacity  gains  shown  in  the  Table  compare  the  specified  future 
ATC  environment,  with  and  without  E&D  systems  Implemented. 

The  ranges  of  capacity  gains  result  from  the  wide  variety  of  airport 
specific  runway  configurations  and  other  operating  conditions. 

Largest  VFR  gains  are  for  ORD  and  JFK  which  have  efficient  parallel 
or  intersecting  runways.  Gains  of  the  order  of  20-25%  could  occur 
by  the  far  term  and  could  provide  significant  relief  at  these 
airports.  Smallest  VFR  gains  are  for  MIA,  LGA  and  SFO  which  are 
limited  by  the  Inefficiencies  of  intersecting  runways  or  single 
runway  mixed  operations.  Gains  in  these  conditions  are  less  than  10%. 

Under  IFR  conditions  the  largest  capacity  gains  are  for  LAX,  JFK, 

ORD  and  SFO.  These  airports  can  conduct  IFR  operations  with  dual 
lanes  or  efficient  Intersecting  configurations.  Gains  of  34-51%  in 
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TABLE  1 

SUMMARY  OF  IMPACT  OF  E&D  ELEMENTS  ON  AIRPORT 
CAPACITY  AT  THE  EIGHT  AIRPORTS* 


NEAR 

TERM 

INTERMEDIATE 

TERM 

FAR 

TERM 

WVAS 

+ 

UYAS 

BASIC  M4S 

+ 

VAS 

+ 

IMPRllVED  MS.S 

+ 

IMPROVED  SURVElLLiVNCE 

+ 

BASIC  M&S 

1 

CAP<\BILirY 

DABS 

CAPACITY  IMPROVEMENT  (PERCENT)* 

VFR  NO  VORTEX  HAZARD 

2-lOZ 

5-13% 

9-21% 

VORTEX  HAZARD 

0-4% 

2-10% 

4-12% 

IFR  NO  VORTEX  HAZARD 

0-15% 

4-31% 

5-51% 

VORTEX  HAZARD 

0-4% 

1-15% 

2-27% 

/ 

"NO  VORTEX  HAZARD":  VAS/WVAS  MINIMUM  SEPARvUIONS  ACCEPTABLE 


"VORTEX  HAZARD":  lUZARD  OBSERVED  FOR  VAS/WVAS  MINIMUM  SEPARATIONS; 

INCREASED  SEPARATIONS  REQUIRED 


•'COMPARISON  OF  FUTURE  ENVIRONMENT  WITH  VERSUS  OPERATIONS  WITHOUT  E&D  IMPLEMENTATION 


the  far  term  for  these  airports  would  provide  significant  relief  from 
present  and  future  IFR  capacity  limitations  and  resulting  congestion. 
Even  in  the  intermediate  term,  substantive  gains  of  13-31%  are 
achievable.  Smallest  IFR  gains  are  for  MIA  which  has  mixed  operations 
on  a single  runway  and  for  LGA  when  operating  as  a single  runway.  The 
gains,  even  in  the  far  term,  are  5%  or  less  in  such  configurations. 

Under  the  increased  spacings  that  must  be  used  when  VA3  AA'AS  indicates 
a vortex  hazard  may  be  present,  capacity  gains  are  significantly  less. 
Typically,  the  gains  are  about  half  of  those  seen  when  VAS/W\'AS 
Indicates  the  full  limit  of  reduced  spacings  may  be  employed. 

The  single  most  critical  determinant  in  the  level  of  capacity  benefit 
is  the  runway  use  configuration,  noted  in  the  discussion  above.  Tlie 
second  major  determinant  is  arrival  runway  occupancy  time.  If  cur- 
rently observed  runway  occupancy  times  hold  in  the  future  (as  assumed 
by  Task  Forces),  they  will  determine  the  minimum  interarrival  spacing 
on  many  runways.  Some  airport  specific  improvements,  as  well  as 
emphasis  on  pilot  motivation  and  techniques,  are  likely  to  achieve 
decreases  in  runway  occupancy  times  not  accounted  for  in  Table  1,  and 
thus  could  result  in  further  capacity  gains. 

IMPACTS  OF  ASTC,  RNAV,  AND  MLS 

Impacts  of  ASTC,  RNAV  and  MLS  were  evaluated  on  an  airport  specific 
basis,  drawing  upon  previous  studies  and  analyses,  as  well  as  on- 
site visits. 

For  two  airports  currently  without  ASDE  (DEN,  LGA)  there  are  signifi- 
cant benefits  to  providing  airport  ground  surveillance  via  ASDE-3. 

At  LGA,  ASDE  will  help  the  local  controller  to  increase  capacity  and 
reduce  workload  at  those  times  when  runway  intersections  or  exits 
are  not  visible  to  the  controller.  At  DEN,  similar  benefits  are 
possible  when  the  controller  is  working  with  the  long  sighting 
distances  (up  to  3 miles)  to  the  far  ends  of  the  north/south 
runways.  For  both  DEN  and  LGA  tliere  is  a needed  improvement  of  30% 
in  ground  controller  capability  versus  position  reports. 

ASDE-2,  where  deployed,  provides  significant  benefits.  However,  the 
reliability,  maintainability  and  display  improvements  represented 
by  ASDE-3  are  necessary  to  insure  that  an  ASDE  is  usable  when  it 
is  needed.  The  availability  of  any  ASDE  results  in  a ground  control- 
ler capability  increase  (up  to  30%)  above  that  of  position  reports 
at  ORD,  JFK,  ATL  and  SFO.  Ground  and  local  controller  workload 
reductions  are  experienced  at  JFK  when  arrivals  must  cross  an  active 
departure  runway.  There  are  also  significant  local  and  ground  control 
runway  capacity  benefits  at  ATL  where  arrivals  must  taxi  across  one 
or  two  active  runways. 
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I'ACS  will  enable  the  ground  controller  to  work  as  effectively  during 
periods  of  low  visibility  as  he  does  today  during  VFR  conditions. 

This  will  be  a necessary  Improvement  at  those  airports  needing  a 
capability,  during  low  visibility  conditions,  above  60  operations/ 
hour  (one  ground  controller)  or  85  operations/hour  (two  ground 
controllers).  Conservative  traffic  projections  and  TAGS  establisli- 
ment  criteria  presently  indicate  such  a need  at  O'Hare,  Atlanta, 

Los  Angeles,  and  possibly  Oenver. 

Simulation  studies  at  .)KK  liave  indicated  20  or  31)  IINAV  will  permit 
reductions  in  controller  workload,  both  in  the  number  of  control 
instructions  (up  to  54%  reduction)  and  in  radio  talk  time  (up  to  42% 
reduction).  These  studies  indicated  that  substantial  reduction  in 
controller  workload  will  be  possible  even  when  only  part  of  tlie  air- 
craft fleet  is  RNAV  equipped.  Tlie  magnitude  of  tlie  workload  benefit 
is  highly  sensitive  to  the  detailed  design  of  the  RNAV'  route  structure, 
requiring  specialized  route  designs  to  allow  tlie  controller  to  employ 
R.N'AV  effectively.  These  designs  do  not  significantly  reduce  route 
lengths  or  times  for  eitiier  RN.W  or  conventionally  equipped  aircraft 
but  ratlier  allow  for  better  control  and  reduced  communications  between 
pilots  and  controllers.  Tliese  workload  benefits  were  not  directly 
translatable  in  the  simulations  to  airport  capacity  increases. 

The  more  sophisticated  3D  RNAV',  if  fully  Implemented,  may  also  provide 
for  more  fuel  and  time  efficient  utilization  of  tlie  terminal  airspace. 
The  potential  for  shorter  route  lengths  in  an  RNAV'  route  structure 
environment  could  possibly  yield  fuel  and  time  savings  of  up  to  $17.  IM 
annu.illy  at  .IKK.  These  savings  are  maximum  estimates  predicted  on 
full  employment  of  an  optimized  RN.VV/MN8  route  structure.  Lven  with 
100%  3D  RNAV  equippage,  the  per  aircraft  savings  are  small  ($10-20  per 
jet  transport  aircraft  operation),  which  by  itself  may  fail  to  pro- 
vide sufficient  Justification  for  investment  in  expensive  airborne 
equipment.  In  mixed  (i.e.,  less  than  100%  equipped)  RN.W  environments 
there  appears  to  be  a sharp  tradeoff  between  route  length  savings 
and  controller  workload  benefits,  at  least  in  the  New  York  metroplex 
environment.  The  tradeoff  severely  limits  the  realizable  user  dollar 
benefits  for  RNAV  in  the  terminal  area  in  the  near  or  Intermediate 
terms . 

MLS  provides  for  a range  of  benefits.  The  most  significant  is  the 
ability  of  MLS  to  provide  for  precision  curved  approach/depar ture 
patlis.  This  may  result  in: 

- reduced  airspace  conflicts  between  LGA  and  .?FK,  leading  to 
reductions  in  annual  noise  exposure  at  both  airports,  and  a 
3%  average  annual  capacity  increase  in  LGA  (witli  higher 
percentage  values  of  potential  delay  reduction) 
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- reJuceii  departure  airspace  and  noise  problems  at  SFO 
i Runways  28L  and  28R) 

- reduced  arrival  noise  at  SRI  (Runways  28L  and  28R) , and  to 
lesser  extent,  ATL 

- extended  use  of  efficient  VFR  procedures  to  lower  minima  at 
JFK  (including  Canarsie)  and  Al'L. 

I'liese  capabilities  are  of  significant  assistance  tc  noise  or  capacllv 
limited  airports . 

Other  useful  MLS  benefits  at  specific  airports  are: 

- availability  of  new  instrument  landing  frequencies  in  L/VX,  SFO 
regions  (where  none  are  now  available  within  present  VHF  ILS 
cliannels,  and  significant  future  needs  are  projected) 

- reduced  ILS  glide  slope  critical  areas  at  LOA,  leading  to  9 
operations/hour  capacity  recovery  when  on  single  runway  13 
operat ions . 

MLS  may  also  provide  benefits  to  several  of  the  eight  airports  in 
reduced  localizer  interference,  ease  of  siting,  and  operational 
efficiency. 

CONCLUSIONS 


1.  There  is  a major  capacity  benefit  at  most  (but  not  all)  of  the 
eight  airports,  made  possible  largely  with  the  implementation  of 
WVAS  and  M&S  systems.  The  IFR  benefit  of  the  packages  of  E&n 
improvements  for  efficient  runway  configurations,  when  compared 
to  the  future  environment  with  no  E&D  implementation,  ranges  up 
to  15%  in  tlie  near  term  (3  nmi  minimum  standard),  30%  in  the 
intermediate  term  (2.5  nmi  minimum  standard),  and  50%  in  tlie 
far  term  (2  nmi  minimum  standard) . A 2 nmi  minimum  IFR  separa- 
tion represents  a significant  E&D  effort.  The  comparable 
benefits  of  M&S  and  vortex  systems  under  VFR  conditions  are  10% 
(near  term),  15%  (intermediate  term)  and  20%  (far  term).  These 
are  significant  benefits  for  the  heavily  congested  airports 
examined  in  the  Task  Force  work. 

The  single  most  critical  determinant  in  the  level  of  capacity 
benefit  is  the  runway  use  configuration.  Independent  runways, 
dual-lanes  and  efficient  intersecting  runways  offer  the  greatest 
benefit.  The  second  major  determinant  is  arrival  runway  occupancy 


X 


time.  Currently  observed  runway  occupancy  times,  continued  into 
tlie  intermediate  and  far  term,  determine  tlie  minimum  interarrival 
spacing  on  many  runways. 


2.  There  is  a continuing  need  for  reliable  .SDi;  at  seven  of  eight  ' 

.lirports.  For  five  of  tliese  seven  airports,  ASI)F-3  would  provide  'j 

reliability,  maintainability  and  display  improvements  over  the  j 

existing  ASl)K-2  and  thus  allow  significantly  enhanced  operating 

efficiency  (compared  to  .ASl)F-2).  For  two  of  these  seven  airports 
not  presently  ASDK  equipped,  the  availability  of  a new  ASl)E-3 
offers  a needed  enhancement  to  IFF  capabilities.  TACS  will  pro- 
vide .1  ground  controller  capability  wliich  will  not  degrade  as 
weather  worsens.  This  will  be  needed  at  three  of  the  eight 
airports  where  low  visibility  demand  will  exceed  present  capability. 

3.  F.\.\V,  if  widely  implemented,  could  provide  for  significant  control- 
ler workload  reductions.  Witli  an  RNAV  optimized  route  structure, 
time  and  fuel  savings  from  reduced  route  lengths  might  accrue 

(as  much  as  $17. IM  annually  for  JFK  in  a fully  implemented  3D  RNAV/  i 

MiS  environment).  These  total  savings  are,  however,  based  on  small  j 

per  aircraft  savings  and  might  not  in  themselves  justify  invest-  ; 

ment  in  expensive  airborne  equipment.  The  savings  are  highly  : 

sensitive  to  both  the  detailed  structure  of  the  RNAV  routes  and 
the  ability  of  tl>e  controller  and/or  M&S  to  effectively  employ  tlie 
optimized  route  geometries.  1 

4.  MLS  could  provide  significant  airport  specific  benefits,  particu- 

larly  in  the  areas  of : j 

- reduced  noise  and  airspace  conflicts  largely  arising  from 
the  curved  approach  capabilities  of  MLS 

- reduced  glide  slope  critical  areas/lLS  interference. 

In  addition,  in  tlie  regions  surrounding  three  of  the  airports, 
there  is  a need  for  the  additional  landing  system  channels 
available  with  MLS. 

The  FA.A  is  emb.irking  on  a progr.im  to  do  computer  simul.it  ion  modeling  .it 
these  eight,  plus  other,  airports.  This  program  will  give  .i  more  de- 
tailed understanding  of  the  relationship  of  capacity  to  del.iv.  It 
will  permit  quantification  of  the  potential  benefits  of  F&D  products 
in  terms  of  dollar  savings  in  reduced  delay. 
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INTKODUCTION 


1_._1  _ Background 

In  1974,  the  FAA  decided  to  sponsor  a series  of  Airport  improve- 
ment Case  Studies,  at  eight  airports,  to  investigate  wliat 
actions  could  be  undertaken  to  plan  implementation  of  a number 
of  suggested  airport  improvements.  These  studies  were  to 
include  actions  that  could  be  taken  in  tlie  Immediate  future 
to  improve  capacity  and  reduce  delays  and  an  examination  of 
the  potential  benefits  of  longer  term  improvements,  including 
the  installation  and  use  of  the  products  of  current  F/\A 
engineering  and  Development  (E&D)  programs.  Seven  Task  Forces, 
wltli  representatives  of  the  Federal  Aviation  Administration 
(Headquarters  and  Regional) , the  Air  Transport  Association  of 
America  (ATA) , airlines,  and  airport  operators,  were  formed  to 
conduct  tlie  studies  (one  Task  Force  dealt  with  both  JFK 
and  LCA) . Tlie  MITRK  Corporation  (METREK  Division)  and  Peat, 
Marwick,  Mitchell  and  Company  provided  support  to  the  FAA's 
Office  of  System  Engineering  Management  (OSEM) . MITRE  METREK 
was  tasked  by  the  F/V(\'s  Office  of  System  Engineering  Manage- 
ment to  provide  a separate  report  to  eacli  of  tlie  Task  Forces 
on  the  potential  benefits  of  implementing  the  products  of 
selected  K;V(\  E&D  programs  (called  E&D  elements  for  convenience 
throughout  the  report)  at  the  airport  of  concern. 

1 . 2 Purpose 

The  purpose  of  this  report  is  to  provide  a summary  of  the 
potential  benefits  of  E&D  elements  at  each  of  the  eight  airports. 
The  seven  Task  Forces  considered  the  following  eight  airports: 
Chicago  D'llare,  New  York  JFK,  New  York  LCA,  Denver  Stapleton, 
Atlant.i  Hartsfield,  Los  Angeles  International,  Miami  Inter- 
national, and  San  Francisco  International. 


1 . J _ Scope 

The  analysis  of  the  potential  benefits  of  the  F/VjV's  E&D  programs 
on  operations  at  each  of  the  eight  airports  was  limited  to  the 
six  E&D  programs  expected  to  have  the  most  effect  on  terminal 
area  and  airport  operations.  Those  six  programs  are: 

• Vortex  Advisory  and  Wake  Vortex  Avoidance  Systems  (VAS/WVAS) 

• Arc  System  Automation  features  related  to  airport  capacity 
(Metering  and  Spacing  (M&S)  plus  automation  aids  to  the 
control ler) 
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• Discrete  Address  Beacon  System  (DABS) 


• Airport  Surface  Traffic  Control  (ASTC)  — including 
Airport  Surface  Detection  Equipment  (ASDE-3)  and  Tower 
Automated  Ground  Surveillance  (TAGS) 

• Area  Navigation  (RNAV) 

• Microwave  Landing  System  (MLS) 

Section  2 describes  the  six  E&D  elements.  The  general  methodology 
followed  in  analyzing  the  impact  of  these  elements  is  given  in 
Section  3.  Finally  the  potential  benefits  of  the  E&D  elements  at 
the  eight  airports  are  summarized  in  Sections  4 and  5. 
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DESCRIPTION  OF  E«.D  ELEMENTS 


F 


1 

I 


Program  descriptions  for  WVAS,  ATC  System  Automation,  DABS, 

ASTC,  RNAV  and  Ml^S  are  contained  In  the  following  subsections. 
Additional  Information  is  found  in  References  3-6,  15-17,  23,  28. 

2.  1 Wake  Vortex  Avoidance  System  (WVAS) 

The  major  objective  of  the  EAA's  wake  vortex  program  is  to 
develop  ground-based  prediction/detection  systems  which  will 
allow  for  decreased  longitudinal  spacing  between  aircraft  when 
trailing  wake  vortices  do  not  present  a hazard  to  following 
aircraft.  To  develop  a system  capable  of  reducing  separations 
by  predicting  vortex  motion  it  was  first  necessary  to  learn 
enough  about  the  life,  decay  and  movement  of  vortices  as  a 
function  of  generating  aircraft  and  meteorological  conditions 
so  that  such  predictions  could  be  made.  Using  predictive  data, 
the  approach  controller  can  then  establish  aircraft  spacing 
based  on  the  expected  vortex  transport  and  decay  conditions  in 
the  runway  approach  corridor. 

Currently,  there  are  two  levels  of  WVAS  installations  envisioned. 
The  first  level  called  the  Vortex  Advisory  System  (VAS)  utilizes 
wind  speed  and  direction  information  to  permit  the  controller  to 
reduce  aircraft  separations  during  those  times  when  vortices 
either  quickly  decay  or  move  from  the  approach  corridor.  As  shown 
in  Figure  2-1,  the  prototype  O'Hare  meteorological  network  consists 
of  six  50-foot  towers,  one  of  which  is  located  near  the  middle 
marker  at  each  of  the  operating  approach  corridors,  which  are  used 
to  measure  wind  parameters.  Multiple  towers  are  considered  neces- 
sary since  tests  at  O'Hare  and  at  the  JFK  International  Airport 
have  shown  that  the  inhomogenelty  of  the  atmosphere  precludes  the 
use  of  a single  centrally  located  sensor  for  the  measurements  of 
the  wind  parameters. 

A multiplexer  successively  samples  the  sensor  outputs  and  con- 
verts these  to  a parallel  digital  data  word  which  In  turn  is 
serialized  and  transmitted  over  standard  existing  FAA  lines  to 
a central  facility  where  receivers  reconvert  the  data  to  a 
parallel  format  for  input  to  a VAS  processor.  The  sensor  outputs 
are  sampled  at  two  samples  per  second  with  a one  minute  running 
average  maintained  on  each  sensor.  The  averaged  meteorological 
data  from  the  runway  in  use  is  then  compared  to  a meteorological 
vortex  advisory  system  algorithm  and  the  vortex  separation 
requirements  determined.  Long  term  sampling  and  hysteresis  are 
used  to  prevent  frequent  and  erroneous  changes  in  the  Indicated 
vortex  condition.  It  should  be  noted  that  the  vortex  advisory 
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FIGURE  2 1 

VORTEX  ADVISORY  SYSTEM  (VAS)  CONCEPT 


• system  design  represents  a "first-cut"  system  design.  It  is  1 

anticipated  that  both  hardware  and  software  changes  will  be 
required  during  the  operational  feasibility  evaluation  phase. 

Wake  vortex  program  plans  also  include  the  development  of  a 
more  sophisticated  automated  system  with  detection  and  prediction 
capabilities,  called  the  Wake  Vortex  Avoidance  System.  Figure 

2-2  shows  a conceptual  block  diagram  of  the  automated  wake  vortex  ^ 

avoidance  system. 

I 

Preliminary  design  thinking  indicates  that  tlie  WVAS  may  operate  i 

in  tlie  following  manner.  Vortex  detection  and  meteorological  | 

data  will  be  continually  input  into  the  WVAS  dedicated  VAS  ) 

processor.  Stored  within  the  VAS  processor  would  be  the  vortex  j 

behavior  algorithm  and  aircraft  spacing  criteria.  Spacing  be-  j 

tween  various  aircraft  types  would  be  specified  as  a function  I 

of  the  vortex  behavior  algorithm  and  the  hazard  associated  with  i 

each  aircraft  type.  A spacing  matrix  is  generated  and  provided  i 

to  the  ARTS  III  computer  where  it  would  be  used  along  with  ' 

metering  and  sequencing  criteria  to  establish  minimum  spacings  ! 

in  the  terminal  area  compatible  with  safety  and  operations  i 

requirements.  The  predicted  information  should  be  provided  to  ’ 

ARTS  111  with  a lead  of  about  10-15  minutes  to  allow  for  proper  i 

metering  and  handoff  procedures  in  the  terminal  areas. 

The  spacings  provided  must  also  be  sufficiently  insensitive  to 
minor  meteorological  variations  so  that  the  spacing  matrix  is 
not  continually  changing,  since  this  would  prevent  orderly 
sequencing  and  metering  operations. 

Concurrent  with  providing  spacing  information  to  ARTS  111,  the 
WVAS  minicomputer  would  be  continually  monitoring  wake  vortex 
sensors  which  are  tracking  the  vortices  in  real  time.  When  a 
vortex  moves  contrary  to  that  previously  estimated  by  the  pre- 
dictive algorithm  and  remains  in  the  flight  path,  a signal 
could  be  simultaneously  sent  to  ARTS  111,  the  tower  and  the 
affected  aircraft.  For  the  predictive  system  to  operate 
effectively,  the  probability  of  such  a situation  occurring  must 
be  quite  low.  To  dc  ermine  tlie  probability  of  a vortex  moving 
counter  to  the  prediction  requires  knowledge  of  the  sensitivity 
of  the  vortex  behavior  model  to  minor  changes  in  its  critical 
parameters.  Once  this  sensitivity  figure  is  established,  it 
should  be  possible  to  reduce  the  probability  of  a vortex  moving 
counter  to  the  prediction  by  adding  an  additional  safety  margin 
to  the  critical  behavior  model  parameters. 
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VORTEX  SENSOR  METEOROLOGICAL  SENSORS  ATCRBS/DABS 


FIGURE  2 2 

WAKE  VORTEX  AVOIDANCE  SYSTEM  (WVAS)  CONCEPT 


1 


i 

To  obtain  maximum  benefit  from  the  WVAS , an  effective  metering 
and  sequencing  program  Is  essential,  since  controllers  would 
not  have  the  capability  to  fully  utilize  the  matrix  output. 

The  matrix  conceivably  would  be  complex  and  change  relatively 
frequently,  requiring  a computer  to  store,  utilize,  and  dis- 
play optimum  spacing  data. 

2.2  ATC  System  Automation 

The  automation  aids  to  the  controller,  when  fully  developed, 
could  Include  digitized  displays  of  aircraft  separations, 
computer  generated  alarms,  and  WVAS  Information  display.  The 
ATC  System  Automation  program  plans  to  develop  metering  and 
spacing  (M&S)  systems  evolving  from  the  current  manual  system 
to  an  Improved  (Advanced)  M&S  system  through  a Basic 
(Implementable)  M&S  system.  The  purpose  of  the  M&S  systems 
Is  to  decrease  the  delivery  error  of  aircraft  at  the  gate  of 
the  final  approach  In  order  to  provide  higher  precision  for 
the  aircraft  separations  uniformly  over  time. 

An  Initial  M&S  system  for  Denver  Is  currently  under  test 
design  and  evaluation.  It  will  address  a single  approach  to 
a single  runway.  It  employs  path  stretching  and  shortening 
(with  some  speed  control)  between  way  points  defined  on 
arrival  routes.  The  system  will  provide  control  instructions 
to  the  controller  displays  for  voice  transmission  to  the  pilot. 

The  path  control  of  aircraft  over  the  way  points  on  the 
arrival  routes  will  Increase  the  delivery  accuracy  of  the  air- 
craft. Such  an  increase  will  help  reduce  the  buffer  required 
to  ensure  non-violation  of  the  separation  standards.  The 
reduction  in  the  required  buffer  decreases  actual  spacings 
between  aircraft  and  thus  aids  in  increasing  the  capacity. 

An  Implementable  M&S  system  will  evolve  from  the  first  Denver 
design.  It  will  be  based  on  the  ARTS  IIIA  (enhanced)  system 
and  will  be  oriented  toward  controlling  traffic  for  a single 
airport  (l.e.  , satellite  airports  are  not  considered).  The 

system  will  incorporate  the  ability  of  handling  changes  in  -j 

runway  configurations.  With  the  basic  (implementable)  M&S 
system,  the  controller  will  be  required  to  manually  input  the 
desired  separation  between  arriving  aircraft  to  obtain 
appropriate  departure  gaps.  The  controller  has  the  freedom 
to  change  the  desired  departure  gaps  to  accommodate  changing 
traffic  situations  through  appropriate  input  to  the  M&S  system. 

The  interface  with  the  Vortex  Advisory  System  is  also  conducted 
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manually  through  appropriate  two  state  (RKD/CRF,EN)  input  dopeiui- 
ing  on  the  indication  of  the  VAS  output.  The  basic  (implemeniablcl 
M&S  system  is  expected  to  decrease  the  interarrival  error  between 
aircraft  from  the  current  18  seconds  (one  standard  deviation)  to 
11  seconds  (one  standard  deviation)  (Reference  7). 

An  improved  MiS  system,  expected  to  evolve  from  the  basic 
( implementable)  system,  enhances  the  performance  with  better 
delivery  accuracy  and  added  system  capabilities.  This  system 
will  be  able  to  control  multiple  dependent  arrivals  (up  to  } 
stre.ims).  in  addition,  the  handling  of  the  departure  queue 
(i.e.,  creating  departure  gaps)  will  be  automated,  as  will  tlie 
interface  witii  the  WVAS  installation.  Tlie  presence  of  tlie  dat.i 
link  may  be  used  to  provide  routine  control  messages  to  the  piKu 
in  an  automated  mode.  The  improved  M&S  system  is  expected  to 
interact  with  the  ASTC  system  to  provide  a more  efficient  inter- 
leaving of  arrivals  and  departures.  The  interarrival  error 
between  aircraft  is  expected  to  decrease  to  8 seconds  (one 
standard  deviation)  under  the  improved  M&S  system  (Reference  7). 

2. 3 Discrete  Address  Beacon  System  (DABS) 

DABS  provides  a tecimical  improvement  to  today's  Air  Traffic 
Control  R.idar  Beacon  System  (ATCRBS)  which  will  be  fully  ci'm- 
p.itible  with  ATCRBS  airborne  transponders  and  ground-based 
interrogators.  DABS  is  designed  to  reduce  the  surveillance  error 
and  provide  a ground-alr-ground  data  link  with  tiie  capability  of 
addressing  each  aircraft  in  a discrete  manner.  The  data  link  will 
assist  in  reducing  the  voice  communication  workload  of  the  control- 
ler, and  will  provide  the  means  of  automating  the  transmission  of 
routine  messages  between  the  ground  and  the  aircraft.  The  possi- 
bility of  using  the  data  link  for  the  automatic  transmission  of 
the  metering  and  spacing  messages  will  be  investigated  as  a way  to 
further  decrease  controller  workload  and  insure  tlie  timely 
delivery  of  those  messages. 

2.4  Airport  Surface  Traffic  Control  (ASTC) 

The  ASTC  program  is  being  developed  to  provide  the  ground  control- 
ler with  improved  automated  display  of  airport  surface  traffic. 

The  need  for  an  autonvited  improved  airport  surface  traffic  control 
becomes  more  important  in  limited  visibility  conditions.  There 
are  two  basic  aids  being  developed. 
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ASl)fc:-3  (Airport  Surface  Detection  Equipment) , a new  ground 
surveillance  radar,  will  display  the  position  of  each  surface 
vehicle  on  the  airport  surface  to  the  ground  controller.  In 
heavy  traffic,  however,  some  degree  of  pilot  position  reporting 
may  be  required  due  to  lack  of  identity  (on  ASnE-3  display) . 

The  same  basic  information  that  is  given  to  the  ground  control- 
ler may  also  be  given  to  the  local  controller.  ASDE-3  is  to  be 
a modern  solid  state  radar.  The  specified  MTBF  will  be  2,000 
hours,  a 10  to  1 Improvement  over  the  modified  ASDE-2.  The 
unit  will  operate  at  about  15  GHz  versus  the  24  GHz  of  ASDE-2, 
and  liave  a redesigned  radome  to  improve  performance  during  rain- 
fall. It  will  also  have  display  enhancement  features  to  eliminate 
surface  returns  (except  for  valid  targets) . 

TAGS  (Tower  Automated  Ground  Surveillance)  is  a longer  term 
program  for  improving  airport  surveillance.  Its  operation  is 
to  restore  the  ground  control  capacity  lost  through  bad  cab 
visibility  even  when  an  ASDE  is  available.  TAGS  will  be 
designed  to  present  a clear  uncluttered  plan  view  display  of 
the  airport  and  labej  each  ATCRBS  (DABS)  beacon  equipped  target 
with  flight  identity.  Target  detection  and  identity  correlation 
problems  present  with  ASDE  should  be  eliminated.  In  addition, 
since  TAGS  will  be  a cooperative  system  (relying  on  an  on-board 
beacon),  it  will  be  virtually  weather  immune,  eliminating  rain- 
fall penetration  problems  associated  with  passive  radars  (even 
ASDE-3) . 

Mechanization  of  TAGS  will  probably  be  based  on  new  sensor 
technology  to  interrogate  existing  ATCRBS  transponders  on  board 
the  aircraft  and  determine  their  surface  location  and  identity  by 
trilateration.  Figure  2-3  presents  a possible  display  format  for 
TAGS.  The  figure  shows  a wholly  synthetic  display  such  as  would 
be  used  if  TAGS  were  to  rely  solely  on  the  ATCRBS  (DABS)  sensor 
for  information  and  thus  replace  ASDE. 

The  decision  as  to  whether  ASDE  should  be  replaced  by  TAGS  or 
used  in  conjunction  with  TAGS  has  not  yet  been  made.  A TAGS 
system  which  would  use  ASDE-3  for  an  analog  radar  target  and 
the  ATCRBS  (DABS)  sensor  for  flight  identity  to  tag  the  radar 
image  is  under  consideration.  As  currently  planned,  the  com- 
bined sensor  system  (liybrid  system)  would  be  an  option  in  the 
TAGS  engineering  model  development  program.  One  advantage  of 
such  a hybrid  system  is  tliat  if  either  subsystem  fails,  the 
other  system  would  provide  a backup  display  presentation  -- 
either  ASDE  target  or  direct  interrogation  tags  with  leaders 
pointing  to  the  approximate  target  locations. 
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FIGURE  2-3 

PRELIMINARY  TAGS  DISPLAY  FOR  GROUND  <"ONTROLLER 
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The  E&I)  element  closely  tied  to  TACIS  is  Metering  and  Spacing.  ^ 

The  current  local  cotitrol  problems  arise  when  the  demand  forces 

the  controller  to  try  to  release  departures  between  the  closely 

spaced  arrivals  on  dependent  runways.  In  order  to  Increase 

arrival  rates,  M&S  will  space  more  arrivals  closer  together. 

This  will  expand  the  problems  of  local  control.  Unless  timing  I 

aids  can  be  supplied  (i.e.,  TAGS),  tlie  departure  capacity  may 

not  be  maintainable  at  the  current  levels.  Excess  arrivals  I 

can  bog  down  the  airport  and  may  not  be  of  value  without  the  | 

ability  to  interleave  arrival  and  departure  use  of  the  runway  I 

in  a manner  more  precise  tlian  is  necessary  in  today's  environ-  | 

ment.  This  problem  has  not  been  examined  in  detail. 

2.5  Area  Navigation  (R.\AVl 

In  the  present  ATC  system,  navigation  is  performed  along  a 
series  of  straight  line  courses  known  as  radials  which  extend 
outward  from  VGRTAC  and  VOR  ground  stations.  This  constrains 

all  routes  to  a series  of  straight  line  segments  joining  one  1 

VOR/VORTAC  to  another.  The  term  Area  Navigation  (RNAV)  refers  1 

to  an  airborne  navigation  system  which  provides  navigation  along 
a direct  course  to  any  destination  or  to  any  intermediate  way 
point.  The  term  2D  is  commonly  used  to  refer  to  RNAV  systems 
(currently  in  use)  which  provide  navigation  in  the  horizontal 
plane  to  a point  defined  in  two  dimensions  by  latitude  and  longi- 
tude or  a bearing  and  a distance  from  a VOR/VORTAC  ground  station,  ^ 

or  through  use  in  INS  or  Omega  systems.  The  3D-RNAV  (or  VNAV)  • 

system  adds  the  third  vertical  dimension  of  altitude,  and  4D-  * 

RNAV  systems  add  the  fourth  dimension  of  time.  RNAV  will  enable 
aircraft  to  fly  from  one  designated  way  point  to  another  within 
the  terminal  area  without  being  told  when  and  where  to  turn  and 
change  altitude  by  the  controller  by  using  (1)  delay  fan, 

(2)  direct  to  next  way  point,  (3)  parallel  offsets  on  base  leg, 
and  (4)  multiple  discrete  parallel  departure  paths.  Figure  2-4 
illustrates  the  concepts  for  use  of  RNAV  in  terminal  area.  The 
RNAV  routes  may  interact  with  the  M&S  system  in  defining  the  M&S 
way  points,  and  the  RNAV  system  may  provide  better  aircraft 
location  data  to  the  M&S  system.  RNAV  avionics  are  available  on 
the  market  and  there  are  limited  provisions  for  2D  RNAV  routej 
in  the  ATC  system. 

2.6  Microwave  Landing  System  (MLS) 

MLS  is  to  be  an  air-derived  precision  navigation  system  operating 
in  the  microwave  (C-band)  region  of  the  frequency  spectrum 

which  provides  precise  azimuth  and  elevation  angle  data  as  well  } 

as  range  (DtE)  data  over  a wide  coverage  volume  (azimuth  and  f 

elevation  angles).  The  data  is  suitable  for  visual  display  to  j 
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ILLUSTRATION  OF  CONCEPTS  FOR  USE  OF  RNAV  IN  TERMINAL  AREA  ATC 


l;U'llll;ito  nuiniuil  .ipprD.uli  iiiiil  l.iiulliip,  in  visibility 

I'l'nil  1 1 Ions , niul  m.iv  1h'  I'rovhli'il  as  an  Input  to  I lio  antom.it  io 
I 1 ight  control  system  lor  Inlly  .rati'inatic  .appro. uh  .iiul  laiulln^. 

A slmpl  n il'll  scliom.it  1 c prcsi-ntat  io-i  ol  tin*  Ml.S  is  shown  in 
l•'lnnrl‘  2-‘>.  Till'  systi'in  can  In'  inst.alli'il  with  .i  nnmlH'r  ol  levels 
ol  sopliist  ic.it  ion  : I rom  the'  c.ip.ih  I I 1 1 y to  ileline  .i  single  p.ilh 
vertlcallv  .nul  lioi' 1 /.out  .i  1 I y to  a i-.ip.il)  1 1 1 1 y to  ileliiu'  mn  1 1 1 p 1 1' 
pat  hs . 

rhe  linlteil  .States  Time  Keli'ii'iice  Sc. inning  Hearn  (rKSH)  M1,S  is 
h.isi'il  on  a teclini(|ue  In  which  n.irrow  Ian  beams  scan  thronp.h  the 
covi'r.i>te  volume  In  alternate  il  I ri'i' t Ions . The  bec.ms  are  sc.inneil 
at  hl^th  speeil  .nul  consist  ol  a sln^tle,  unlt'orm,  moiln  lali'ii , 
continnons  r.ulio  I ri'(|ni'ncv  transmission.  The  time  Interv.il 
betwei'ii  the  pulses  Is  proper t ion.a  1 to  the  angular  position  ol  the 
.iircr.il  t with  respect  to  the  runwav.  lllK.h  ilat.a  rates  m.ake  it 
possible  to  ileslKn  simi'le  airborne  processoi  s that  can  minimize 
.iiiy  multipath  I'llects  on  >;niilance  signals. 

rreclslon  azimuth  an^le  unlil.anci'  Is  provlileil  to  at  li'.ist  t , 
or  a narrower  sector  II  ileslrcil  (A/.-l  in  Klgnre  2-1)).  I’li'clslon 
I'li'vatlon  angle  gnlilanci'  Is  provlileil  I rom  n'  to  20'’  In  elevation 
over  the  same  sector  tli.it  provliles  azimuth  angle  gniilanci'  (l',l,-l). 
Precision  mlssc'.l  .ipproach  gnlilance,  rel'erenceil  to  the  runw.iy 
centerline,  is  provlileil  to  at  least  + 20"  (A/,-2).  Klare  gnlilance 
may  .ilso  In'  provlileil  (l''.l,-2).  Range  Information  is  ilet  enii  1 neil  on  bo.iiil 
suitably  I'liulppeil  .lircr.ilt  i I'om  OMP.  equ  1 1'liient  allocateil  with  the  N1„S 
.tz  limit  h systi'iii  (A/-I). 


3.  MirrilODOLOGY 


F.val  luit  ion  of  the  impacts  of  ASTC,  RNAV  and  MLS  was  made  on  an 
airport  specific  basis.  Wtiere  possible,  results  from  previous 
airport  specific  studies  conducted  by  tlie  FAA  or  other  contractors 
uniler  FAA  sponsorship  were  used.  Visits  to  some  of  llie  airports 
for  an  on-site  analysis  were  used  to  supplement  previous  studies 
ami  Current  analyses.  Such  visits  were  especially  useful  in 
making  an  appraisal  of  MLS  benefits.  The  summary  of  results  of 
this  evaluatii>ii  for  the  eight  airports  is  given  in  Section  5. 

Fvaluation  of  the  impact  of  WVAS,  ATC  System  Automation  and  DABS 
on  airport  capacity  required  a characterization  of  tlie  performance 
of  these  elements  to  reflect  the  changes  in  performance  tliat  is 
expected  as  evolut imiary  improvements  are  realized.  For  this 
purpose,  at  the  start  of  tlie  airport  studies,  tlie  AFM-100  Divi- 
sion of  the  Office  iif  Systems  Engineering  Management,  FAA,  desig- 
nated certain  groupings  of  improvements  to  reflect  expected  time 
of  availability.  These  groupings  are  shown  in  Table  1-1. 

In  the  near  term  (Group  2),  the  Vortex  Advisory  System  (VAS)  and 
Basic  Metering  and  Spacing  are  expected  to  improve  M&S  delivery 
accuracy  and  permit  reductions  in  the  A,  5,  and  6 nmi  IFR  wake 
vortex  seiiarations  when  VAS  observations  of  meteorological  con- 
ditions indicate  it  is  safe  to  do  so,  while  maintaining  the 
current  1 nmi  minimum  IFR  separation  standard  for  aircraft  pairs 
not  impacted  by  wake  vortex. 

In  the  Intermediate  term  (Group  3),  Basic  Metering  and  Siiacing  is 
expected  to  be  supplemented  by  the  Wake  Vortex  Avoidance  System 
and  some  improved  surveillance  capabilities  for  the  controller 
(e.g.,  digitized  display  of  separation  measures,  computer 
generated  alarms).  In  this  analysis,  the  basic  IFR  arrival 
sep.iration  standard  is  reduced  to  2.5  nmi  for  those  aircr.ift 
pairs  currently  governed  by  the  3 nmi  separatiim  standard.  Other 
aircraft  pairs,  separated  by  more  than  3 nmi  today  because  of 
wake  vortex  hazard,  are  assumed  to  have  significantly  reduced 
separation  re<|u i rements  as  well,  but  to  a level  above  2.5  nmi. 
Reduced  dep.irttire  sep.ir.it  ion  requirements  .ire  .ilso  .issumed. 

In  the  f.ir  Ja^rm  (Group  A),  it  is  anticip.ited  th.it  the  Metering 
.ind  Sp. icing  system  will  evi'lvi'  to  an  impn'ved  cap.ibility,  and 
the  Discrete  Address  Beacon  System  will  be  introduced.  The 
basic  IFR  arrival  separation  standard  is  .issumed  to  be  reduced 
to  .IS  low  a 2 nmi  for  the  least  vortex  impacted  .aircraft  pairs 
(e.g.,  iarge  aircraft  foliowing  smail  airir.ifl).  Fi'r  other 
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aircraft  pairs,  spacings  are  also  further  reduced  In  this  analy- 
sis, but  remain  at  values  larger  than  2 nml.  Departure  separa- 
tions are  assumed  to  all  be  reduced  to  60  seconds.  Obviously, 
tills  far  term  capability  requires  extensive  E&D  effort  to  arrive 
at  an  imp lementable  state. 

For  each  of  these  time  frames,  performance  characteristics  have 
been  developed  in  detail  in  Reference  2 for  VFR  as  well  as  IFR 
conditions,  and  are  given  in  Appendix  A.  These  performance 
measures,  plus  airport  specific  runway  operating  strategies, 
exit  location  and  usage,  and  aircraft  mix,  can  then  be  used  as 
inputs  to  the  FAA  capacity  model  to  estimate  future  capacities 
under  both  safe  (green  light)  and  fall  back  (red  light)  condi- 
tions of  WVAS. 

The  capacity  calculations  for  the  Task  Forces  were  generally 
made  only  for  near  term  (Group  2)  and  far  term  (Group  A)  cases. 
These  are  reported  in  the  body  of  this  report.  Some  intermediate 
term  (Group  3)  values  were  run  later;  these  are  included  in 
Appendix  B. 

It  needs  to  be  emphasized  at  this  point  that  the  assumptions  used 
in  this  analysis  as  to  the  reduction  in  longitudinal  spacing 
under  IFR  conditions  due  to  VAS/WVAS  were  substantially  less 
than  the  reductions  stated  as  being  the  goals  of  the  VAS/WAS 
E&n  programs.  For  example,  the  objective  of  the  VAS  program*  is 
to  allow  a spacing  of  3 nml  between  all  pairs  of  aircraft  on 
final  approach  under  VAS  "green  light"  conditions.  The  assump- 
tion made  in  these  airport  specific  analyses  was  that  larger 
separations  would  still  be  required  between  certain  types  of 
aircraft,  up  to  as  much  as  5 nmi  for  a small  aircraft  following 
a heavy  aircraft.  Similarly,  the  stated  objective  of  the  WVAS 
program  is  to  reduce  separations  to  as  little  as  2 nmi.  The 
assumption  made  in  this  study  was  that  while  2 nmi  might  be  ac- 
ceptable between  some  aircraft  pairs,  larger  separations  would 
be  required  between  other  pairs — for  example,  3.7  nmi  for  a small 
aircraft  following  a heavy  aircraft,  and  3.0  nmi  for  a large 
aircraft  following  a heavy  aircraft.  The  exact  separations  used 
are  shown  in  Appendix  A. 

For  convenience  in  describing  impacts  in  Sections  A and  5,  a 
sketch  of  runway  layouts  at  the  eight  airports  is  given  in 
Figure  3-1.  This  figure  is  reproduced  as  Figure  E-1,  which  may 
be  folded  out  for  convenient  reference  in  reading  the  remainder 
of  this  report. 


As  of  January  1978. 
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IMPACT  OF  WVAS,  Al'C  SYSTFM  AUTOMATION  AND  DABS 


The  impact  of  WVAS,  ATC  System  Automation  and  DABS  through  changes 
in  aircraft  spacing  on  airport  capacity  is  given  in  this  section 
for  the  time  frames  representative  of  Groups  2 and  4 E&D  equipage. 

The  capacity  loss  resulting  from  an  increasing  percentage  of 
heavy  aircraft  in  the  future,  assuming  no  E&D  deployment,  can 
be  very  significant  at  some  airports.  This  is  illustrated  in 
Figure  4-1  (a  detailed  table  is  provided  in  Appendix  B) . The 
capacity  losses,  which  generally  range  from  3-10%,  are  particu- 
larly significant  in  VFR  at  DEN,  where  the  increases  in  heavy 
aircraft  result  in  a 17%  decrease  in  airport  capacity.  This  is 
due  to  the  close  parallel  runways  which  cause  vortex  separation 
rules  to  be  applied  to  approaches  on  separate  runways  (as  well 
as  to  approaches  to  the  same  runway).  Thus,  the  insertion  of 
a heavy  aircraft  Increases  spacing  on  both  runways.  In  this 
case,  E&D  elements  provide  little  or  no  actual  capacity  improve- 
ment versus  today;  most  of  the  Group  4 VFR  capacity  gain  is  to 
recover  the  capacity  that  would  otherwise  be  lost  in  the  future, 
due  to  the  increasing  percentage  of  heavy  aircraft. 

The  capacity  gains  at  the  eight  airports,  as  a result  of  the 
implementation  of  these  E&D  equipment  groups,  are  sliown  in 
Figures  4-2  and  4-3.  Values  are  sliown  for  Groups  2 and  4 with 
the  reduced  spacings  permitted  with  VAS/WVAS.  Values  are  also 
shown  for  "fallback"  conditions  of  larger  separations  when  VAS/ 
WVAS  indicates  hazardous  vortex  conditions  at  the  lower  spacings. 
Capacity  gains  are  calculated  as  a percentage,  by  comparing  the 
capacity  of  the  appropriate  future  ATC  environment  (Group  2 or  4; 
full  E&D  or  fallback  vortex  rules)  with  the  capacity  of  today's 
ATC  system,  but  reflecting  future  aircraft  fleet  mix.  For  each 
airport,  the  gain  shown  in  the  figures  represents  the  midpoint 
of  the  capacity  values  for  the  several  configurations  chosen  by 
the  Airport  Task  Force  to  be  representative  of  the  normal 
range  of  capabilities.  For  the  Group  4 time  frame,  average 
capacity  gains  range  up  to  21%  in  VFR  and  51%  in  IFR.  Further 
discussion  of  these  values  is  given  in  subsequent  paragraphs. 
Detailed  values  are  provided  in  Appendix  B. 

For  VFR,  the  capacity  gains  are  modest  in  the  Group  2 E&D  time 
frame.  In  the  Group  4 time  frame,  the  gain  is  in  the  10-20% 
range.  The  gain  under  increased  vortex  separation  rules  (fall 
back)  is  approximately  half  this  amount.  For  IFR,  the  gains  are 
much  larger.  This  reflects  in  large  part  the  fact  that  E&D 
elements  primarily  address  an  IFR  capacity  need,  and  only 
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FIGURE  4 1 

CAPACITY  LOSS  DUE  TO  INCREASING  NUMBER  OF  HEAVY  AIRCRAFT 
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AVtR,\GE  I'ERCENTAGt  VFR  CAPACnY  INCREASE 
(COMPARED  TO  TODAY'S  SYSTEM  WITH  KUTERE  AIRGR^YET  EEEKl  MIXI 


average  percentage  IFR  CAPACITY  INCREASE 
(COMPARED  TO  TODAY'S  SYSTEM  WITH  FUTURE  AIRCRAFT  FLEET  MIX) 


GROUP  4 - FALLBACK 


secondarily  assist  the  VFR  case.  The  VFR  system  today  also 
operates  much  closer  to  the  constraints  of  runway  usage  (versus 
the  often  larger  IFR  separation  requirements). 

The  values  of  airport  capacity  gains  are  largely  dependent  on 
tlie  significant  runway  configurations  evaluated  by  tt>e  Task 
Forces.  Arrival  only  runways,  dual-lane  configurations  and 
crossing  configurations  with  sliort  times  to  crossing  permit  the 
greatest  decreases  in  separations,  and  thus  exhibit  the  largest 
capacity  gains.  Ttius,  under  IFR  conditions  LAX,  JFK,  ORD  and 
SFO  have  sucli  configurations  and  sliow  large  benefits.  The  DKN 
capacity  values  represent  averages  of  an  arrival  only/departure 
only  value  on  one  hand  with  a dual-lane  wliich  is  restricted  to 
look  like  an  arrival/departure  runway  on  the  other  liand.  The 
first  is  a good  configuration  (from  an  E&l)  impact  point  of  view); 
tlie  second  is  a poor  configuration.  The  remaining  three  airports, 
ATI.,  LGA  and  MIA,  are  dominated  by  an  arrival/departure  runway 
(poor  from  E&D  impact  point  of  view).  ATL,  in  particular,  sliows 
a balancing  of  departures  between  north  and  south  runways  today 
which  will  not  be  possible  in  the  future.  The  relative  impact 
of  different  runway  configurations  is  further  illustrated, 
based  upon  the  methodology  of  Reference  8,  in  Appendix  C, 

It  should  be  noted  that  the  average  capacity  gains  shown  represent 
a midpoint  of  a wide  range  of  values  at  many  of  the  airports. 

This  is  illustrated,  for  Group  4,  in  Figure  4-4.  This  shows  that 
particularly  in  IFR  at  ORI)  and  LGA,  there  is  a wide  range  of 
capacity  gains.  For  ORD,  this  reflects  a wide  variety  of  crossing 
configurations.  For  LGA,  it  reflects  the  difference  between  a 
good  crossing  configuration  (high  capacity  gains)  and  an  arrival/ 
departure  runway  (low  capacity  gains). 

Finally,  it  should  be  remembered  that  the  capacity  values  shown 
reflect  not  only  configuration  type,  E&D  performance  capability, 
and  aircraft  mix,  but  also  other  airport  specific  considerations 
that  impact  capacity.  Notable  among  these  is  runway  occupancy 
time.  Today's  observations  of  occupancy  times  have  been  used  in 
the  capacity  calculation  for  all  equipment  groups.  That  is,  no 
account  was  taken  of  possible  future  improvements  due  to  high- 
speed exits  and/or  pilot  technique.  At  some  airports  (for 
example  DEN)  runway  occupancy  times  today  are  large.  This  limits 
the  estimated  E&D  impact,  particularly  in  the  Group  4 time  frame 
where  arrival  standards  are  as  low  as  2 nmi.  Any  future 
reduction  in  runway  occupancy  time,  due  to  refined  technique, 
additional  exits  and/or  new  technology,  would  help  maximize  the 
potential  benefits  of  the  capacity  related  E&D  programs. 
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PERCENTAGE  CAPACITY  GAIN  IN  GKOLP  4 TIME  ER,\.ME 


1 


The  capacity  impacts  of  the  Group  2 and  Group  4 K&l)  elements 
are  summarized  in  Table  4-1.  The  Group  2 elements  (VAS , 
Basic  M4S)  provide  up  to  10%  capacity  gain  in  VFK  and  up  to 
15%  gain  in  IFR.  Fail  back  gains  are  up  to  4%.  The  Group  4 
E41)  elements  (W\'AS,  Improved  M&S,  DABS)  provide  up  to  21% 
capacity  gain  in  VFR  and  up  to  51%  gain  in  IFR.  Fall  back 
capacity  gains  are  about  half  these  values. 


I 


/I 
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TABLE  4-1 

SUMMARY  OF  IMPACT  OF  E&D  ELEMENTS  ON  AIRPORT 
CAPACITY  AT  THE  EIGHT  AIRPORTS* 


GROUP  2 

GROUP  4 

VAS 

+ 

BASIC  M&S 

WVAS 

+ 

IMPROVED  M&S 

+ 

DABS 

VFR  - FULL  E&D** 

2%  to  10% 

9%  to  21% 

- FALL  BACK 

0%  to  4% 

4%  to  12% 

IFR  - FULL  E&D 

0%  to  15% 

5%  to  51% 

- FALL  BACK 

0%  to  4% 

2%  to  27% 

*COMPARED  TO  TODAY'S  ATC  SYSTEM  WITH  FUTURE  AIRCRAFT  FLEET  MIX. 
**THE  TERM  "FULL  E&D"  REFERS  TO  THE  CONDITION  WHERE  VAS  (GROUP  2 
OR  WV'AS  (GROUP  4)  INDICATES  THAT  REDUCED  SEPARATIONS  ARE  SAFE. 

THE  TERMS  "FALL  BACK"  REFERS  TO  CONDITIONS  WHERE  VAS  OR  WVAS 
INDICATES  THAT  ADDITIONAL  SPACING  IS  REQUIRED  TO  AVOID  ENCOUNTERS 
WITH  WAKE  VORTICES. 
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INI’ACTS  OF  ASTC,  KNAV  AND  Ml.S 

A summary  uf  tin,'  impacts  at  ASTC.,  RNAV  and  Ml.S  at  the  ciuhl  alr- 
piHls  is  presented  in  lliis  section.  Tlie  lietailed  devi-iopment  of 
tiu'se  impacts  is  ioniui  in  tl\i‘  iiulividnal  airport  repiuLs,  MTK-yiliO, 
Volnmi's  i tlironp.li  Vii.  i'ln'  I’csnlts  aie  liased  upon  airport  spi'i'i!  i i' 
analyses  done  for  tl\e  case  stnily  ellorts,  and  on  previous  studies 
eitlier  periormed  liy  tlie  FAA  or  under  tlie  sponsorsliip  oi  tlie  FAA 
(.Ret  eiiMu-es  -lO-lb  ior  ASTC,  17-2J  tor  RNAV,  and  2A-i2  for  MLS). 

I'Ik'  areas  ot  potential  Impact  ol  AS'l't; , RNAV  and  MI.S  are  snmmarizi'd 
in  TabJe  5-1.  The  impacts  Identified  at  tlie  einlit  airports  .in' 
illscussed  in  tlie  tollowinn  subsections. 

5_.  I AS'l'C.  ImpajTt.s 

ITie  Airport  Surface  Tralfic  Contri'l  (ASi'C)  System  controls  tin' 
movi’nuMit  ol  trafllc  to,  throuKli,  on  aiul  oil  airport  runw.iys  ami 
taxlways;  it  encompasses  people,  proc»'dures,  .nul  e(|nlpmeiit. 

I’lie  areas  of  potential  Impact,  as  summarized  in  I'able  5-1,  are 
describeil  below. 

Tod.iv,  will’d  the  local  .iiid  ground  controllers  loc.iteil  in  the 
tower  c.'ib  .'it  all  but  twelve  airports,  are  unable  to  see  all  or 
portions  of  the  .lirport  surl.ice  due  to  bad  weatlier  Uor,  snow, 
etc.),  they  must  rely  on  tlie  pilot's  verbal  positivui  riports 
Issued  via  voice  radio  to  maintain  a iiu-ntal  "picture"  ol  tlie 
trallli'  flow.  I'he  otlier  twelve  airports  have  Airport  Surlace 
Detection  Kijulpnient  (ASDK-2)  (a  primary  Rrouiul  surveillance 
r.id.ir  Rivlnjt  a plan  view  display  of  the  surface  trail  ic  situ- 
ation) to  assist  the  controller  duriiiR  periods  ol  poor  visibility. 

A new  radar,  ileslRiiated  ASDl'',- 1 , will  provide  improveniiMit  s in 
ralnl.'ill  jicnet  rat  ion , reliability  aiul  maintainability,  and 
lilsplay  enh.'incement  . i'lie  use  ol  A.Sl'F  (eitlier  ASDK-2  or  ASDK-J) 
is  described  below. 

Tlie  use  of  pilot  )ioslllon  rei'orts  today  as  tlie  sole  means  ol 
surveillance  duriiiR  perii'ds  ol  U'w  visibility  limits  tlie  capacity 
oi  Inuli  local  and  Rround  controllers.  For  local  control,  tlie 
prolilem  is  one  ol  determlnliiR  wlien  and  wliere  certain  events  are 
occurrir.R.  In  liandlliiR  arrivals,  local  control  must  be  able  to 
determine  when  an  arrival  is  at  tlie  runway  thre.ihold,  when  It 
lias  landed,  when  it  is  committed  to  its  turnotf,  and  when  it 
has  cleared  tlie  runway.  in  liandlitiR  departures,  the  loc.il 
controller  must  lu'  alile  to  determine  that  the  next  ileparture 
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TABLE  5 1 

POTENTIAL  IMPACTS  OF  ASTC,  RNAV,  MLS 

ASTC 

ASDK-J  — RKI.IAIULITY,  MAINTAINABILITY,  IIISI’LAY  INl’ROVl-MKNTS 

— LOCAL  CONTROLLKR  - CAPACITY  Rl'COVKRY 

RLDUCKl)  WORKLOAD 

— CROUND  CONTROLLKR  - IMPROVKMENT  IN  CAPABILITY 

VS  POSITION  RKPORTS 
- RKDUCKD  WORKLOAD 

TACS  — CROUND  CONTROLLKR  - CAPABILITY  DOKS  NOT  DKCRy\DK 

IN  POOR  VISIBILITY 

RNAV 

KUKL  AND  TIMK  SAV 1 NCS 
CONTROLLKR  WORKLOAD  RKDIICTIONS 

MLS 

ADDITIONAL  KRKQUKNCY  ASSICNMKNTS/KASK  OF  MAlNTKNANi:K 
KASK  OK  SIT  INC 

rkdir:kd  localizkr  multipath  INTKRKKRKNCK 

RKDUCKD  CLIDK  SLOPK  CRITICAL  ARKAS 

RKDUCKD  AIRSPACK  CONFLICTS 

RKDUCKD  NOISK  IMPACT  BY  USK  OF  CURVKD  PATHS 

ADDITIONAL  RKDUCKD  MINIMA  WITH  PRKCISION  CUIDANCK 

KNHANCKD  FAIL  OPKRATION/U,  CAPABILITY 

KNHANCKD  PRKClSF,  TURN  CAPABILITY 
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is  in  position  on  the  runway  and  lioldins,  that  it  has  promptly 
started  its  roll  wljen  given  takeoff  clearance,  and  tliat  the 
departure  has  lifted  off.  To  the  extent  Lltat  the  local  controller 
cannot  visually  obtain  tins  timing  information,  he  asks  the 
pilots  to  provide  tlie  information  by  means  of  tlie  voice  channel. 
The  pilot  information  is  not  as  precise  as  tliat  obtained  by  direct 
observation,  and  runway  capacity  is  lost.  The  extent  of  the 
capacity  loss  depends  on  the  type  of  runway  configuration  being 
operated  and  the  percentage  of  lieavy  aircraft  that  operate  into 
the  airport.  ASUb  provides  the  required  timing  information 
and  essentially  allows  the  local  controller  to  liandie  as  many 
aircraft  under  low  visibility  as  he  can  handle  without  ASDb 
under  good  visibility  conditions. 

Tor  £_roiind  control,  the  problem  is  one  of  maintaining  a mental 
"picture"  of  tlie  surface  traffic.  To  the  extent  ground  control 
is  not  in  visual  contact  with  the  surface  traffic,  reliance  is 
placed  on  position  reports  from  the  [lilots  at  critical  junctures 
in  their  assigned  routes  in  order  to  monitor  the  traffic  and 
maintain  control.  With  ASDK,  the  controller  can  now  see  tlie 
surface  traffic  but  has  trouble  associating  the  right  flight 
number  with  tlie  right  radar  target.  Errors  in  the  association 
of  flight  numbers  witli  targets  can  lead  to  controller  confusion 
in  confirming  that  each  aircraft  is  following  its  assigned  route, 
confusion  as  to  wlio  to  call  in  response  to  some  critical  traf- 
fic situation  sliown  on  tlie  display,  or  confusion  as  to  which 
target  on  the  display  siiows  the  current  location  of  a pilot 
calling  for  new/revised  routing  instructions.  To  reduce  tliis 
confusion,  tlie  controller  uses  his  communication  channel  once 
again.  The  result  is  that  ASDE  improves  ground  control  capacity 
in  low  visibility  conditions  but  that  the  voice  channel  satu- 
rates before  the  capacity  reaches  its  good  visibility  level. 

To  return  the  ground  control  capacity  to  its  good  visibility 
level,  the  displayed  targets  must  be  tagged  with  their  flight 
numbers.  This  is  the  purpose  of  the  TAGS  (Tower  Automated 
Ground  Surveillance)  system  and  its  associatetl  display. 

The  potential  impacts  of  ASTG  identified  at  the  eight  airports 
are  summarized  in  Table  5-2.  I'or  the  airports  with  a current 
ASDE,  there  are  significant  improvements  in  reliability, 
maintainability  and  display  by  upgrading  to  ASHE-l.  These 
enable  the  benefits  of  an  ASDE  to  be  more  available  and  mon' 
reliable.  For  the  loca 1 controller,  capacity  recovery  is 
experienced  at  ATL,  under  those  conditions  when  the  current 
ASI)E-2  experiences  whiteout  or  reliability  problems.  Wtirkload 
reductions  would  also  result  at  ATE  as  the  current  degree  ol 
necessary  coordination  between  ground  .ind  local  control  is 


TABLE  5 2 
ASTC IMPACTS 


ASDE-3 

TAGS 

LOCAL  CONTROL 

GROUND  CONTROL 

GROUND 

CONTROL 

Capacity 

Recovery 

Reduced 

Workload 

Controller 

Capability 

Reduced 

Workload 

All  Weather 
Capability 

ORD 

• 

• 

JFK 

A4R/D4L 

• 

A4R/D4L 

(2) 

A22L/D22R 

A22L/D22R 

LCA 

(3) 

+22%  A22/D13 

A13/D13 

+30% 

(2) 

+11%  A22/D31 

DEN 

(3) 

• 

+30% 

(2) 

ATL 

• 

• 

• 

• 

• 

LAX 

• 

• 

MIA 

(3) 

SFO 

• 

(2) 

(1)  asde-3  provides  reliability,  maintainability  and  display 

IMPROVEMENTS  OVER  ASDE-2 

(2)  TAGS  NOT  CURRENTLY  PLANNED  FOR  IMPLEMENTATION , BUT  MAY  HAVE  BENEFIT 
O)  NOW  OPERATES  WITHOUT  ASDE 

• SOME  BENEFIT 
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reduced.  For  JFK,  as  well,  coordination  is  reduced  for  those 
cases  when  arrivals  on  4L/R  or  22L/R  have  to  cross  active  • 
departure  runways.  For  the  ground  controller,  ASDE-3  offers  a 
better  capability  than  position  reports.  This  capability 
increase  may  range  up  to  30%  versus  position  reports.  Reduced 
workload  will  be  experienced  at  JFK  and  ATL,  due  to  a reduced 
need  for  coordination  with  local  control,  as  noted  above. 

Benefits  may  also  be  available  at  LAX,  which  currently  operates 
with  a non-FAA  version  of  ASDE.  For  DEN  and  LGA,  currently 
operating  without  ASDE,  there  will  be  significant  benefits. 

For  local  control  at  DEN,  due  to  long  sighting  distances  on  the 
north/ south  runways,  ASDE-3  would  provide  capacity  recovery  under 
IFR  and  certain  VFR  conditions.  For  LGA,  with  arrivals  on  22  at 
minimum  visibility,  the  local  controller  is  unable  to  observe  the 
intersection,  and  capacity  is  lost.  Recovery  of  11%  to  22%  capacity 
is  possible  with  ASDE-3.  At  LGA,  the  reliance  on  position  reports 
for  arrivals  and  departures  on  13  would  be  reduced,  as  the  control- 
ler can  now  directly  determine  when  aircraft  have  left  the  runway. 

For  ground  control,  an  Increase  in  controller  peak  handling  capa- 
bility of  up  to  30%  versus  the  capability  based  upon  reliance  on 
position  reports  may  be  available.  Reduced  workload  at  JFK  is 
achieved  due  to  decreased  need  for  coordination  of  arrivals 
crossing  active  departure  runways.  MIA  does  not  have  an 
identifiable  need  for  any  ASDE  at  this  time. 

The  main  impact  of  TAGS  is  to  provide  the  ground  controller  j 

with  a traffic  handling  capability  that  does  not  degrade  as  the  j 

visibility  declines.  The  good  visibility  capability  is  main-  ' 

tained,  or  improved  up  to  10%  according  to  TSC.  This  benefit 
is  necessary  at  those  airports  where  the  demand  under  poor 
visibility  conditions  exceeds  the  currently  estimated  non-TAGS 
ground  controller  capability  of  85  operations/hour  (2  ground 
controllers)  or  60  operations/hour  (1  ground  controller). 

TAGS  implementation  is  currently  expected  at  ORD,  ATL  and  LAX, 
and  possibly  later  at  JFK,  LGA,  DEN  and  SFO,  if  demand  during 
periods  of  low  visibility  Increases  to  the  limits  noted  above. 

5.2  RNAV  Impacts 

Area  navigation  (RNAV)  refers  to  navigation  avionics  that  can 
provide  navigation  along  a direct  course  to  any  destination  or 
to  any  intermediate  way  point.  The  term  2D  R’jAV  refers  to  an 
EINAV  system  which  provides  navigation  in  the  horizontal  plane 
to  a point  defined  by  latitude  and  longitude  or  a bearing  and 
distance  from  a ground  station  (VOR/DME) . The  term  3D  RNAV 
adds  the  third  vertical  dimention  of  altitude,  and  4D  RNAV  refers 
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to  a system  that  includes  time  as  the  fourth  dimension.  The 
major  advantages  of  RNAV  in  the  terminal  area  are  the  return  of 
the  navigation  task  to  the  pilot,  reduction  in  the  number  of 
control  instructions  issued  and  the  amount  of  communication 
between  pilot  and  controller,  and  frequently,  reduction  in 
flight  miles  when  compared  with  radar  vectoring.  Area  naviga- 
tion not  only  affords  increased  capability  to  the  pilot  to 
control  his  flight  path,  thereby  reducing  the  requirement  for 
radar  guidance,  but  also  provides  the  controller  with  additional 
tools  (e.g.  , tracks  parallel  to  tlie  base  track)  for  Implementing 
control  techniques  for  the  spacing  of  aircraft. 

Several  studies  of  a terminal  RNAV  environment  have  been  done. 

For  JFK,  two  extensive  simulations  were  previously  performed 
that  evaluate  controller  workload  reductions  due  to  RNAV. 

For  the  2D  RNAV  case,  reductions  of  36%  in  number  of  control 
instructions  and  23%  in  radio  talk  time  were  observed.  For 
the  3D  RNAV  simulations,  these  reductions  were  54%  and  42%, 
respectively.  For  ORD,  the  FAA  estimated  that  a 30%  decrease 
in  arrival  control  instructions,  and  a 60%  decrease  in  depar- 
ture control  instructions  would  occur.  Similar  benefits  may 
be  present  at  the  remainder  of  the  eight  airports,  although 
airport  specific  studies  and  analyses  are  not  available. 

Further,  these  benefits  may  also  be  present  to  a significant 
degree  in  environments  with  only  partial  RNAV  equipage. 

There  may  be  some  savings  from  the  impact  of  RNAV  in  reducing 
route  length.  Previous  studies  estimated  savings  in  fuel 
(pounds)  and  time  (minutes)  from  reduced  route  length  and 
altitude  restrictions.  Comparisons  were  made  between  a 1972 
0%  RNAV  (VOR/Vector)  environment  and  a 1982  100%  3D  RNAV 
design  environment.  The  incremental  time  savings  per  air- 
craft were  converted  to  dollars.  The  savings  reported  on  in 
the  referenced  studies  are  shown  in  Table  5-3.  They  vary 
from  $2.7M  annually  for  DEN  to  $17. IM  annually  for  JFK. 

These  estimated  savings,  however,  are  aggregated  from  small 
per  aircraft  savings  and  are  based  on  an  RNAV  route  structure 
optimized  to  maximize  these  savings. 

5.3  MLS  Impacts 

The  areas  of  potential  MLS  impacts  were  summarized  in  Table  5-1. 

In  some  cases,  MLS  can  be  sited  where  ILS  has  ground  plane  siting 
problems.  MLS  will  provide  Improved  reliability  and  maintainability 
compared  to  ILS,  and  will  have  a greatly  increased  number  of  assign- 
able frequency  channels.  This  will,  in  some  cases,  permit  more 
frequency  assignments  for  major  airports,  reducing  the  problems  asso 
elated  with  approach  guidance  outages  due  to  maintenance. 
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TABLE  5 3 
RNAV  IMPACTS* 


ANNUAL  AIR  CARRIER 
3D  RNAV 

FUEL  AND  TIME  SAVINGS 


2D/3D  RNAV  WORKLOAD  REDUCTION 


1 

CONTROL 

TALK 

FUEL 

TIME 

TOTAL 

INSTRUCTIONS 

TIME 

ORD 

f 

$2.1M 

$3.6M 

$5.7M 

-30%  ARRIVAL 
-66%  DEPARTURE 

(2) 

JFK 

$7.4M 

$9.7M 

$ 1 7 . IM 

-36%/-54%^'^^ 

-23%/-42% 

LGA 

$3.0M 

$7.7M 

$10. 7M 

(2) 

(2) 

DEN 

$1.1M^^^ 

$1.6m(3) 

$2.7M^^^ 

1 

1 

MIA  $1.5M  $2.6M  $4.IM 

SKO  $2.4M  $4.1M  $6.5M  ^ ▼ 

^^^COMPARISON  0-100%  RNAV  ENVIRONMENTS  EXCEPT  JFK  2D  SIMULATION  (25-100%) 
^^^STUDY  NOT  AVAILABLE,  BUT  BENEFIT  LIKELY 

^^^PRF;V10US  airspace  geometry  (prior  to  4-POST,  profile  descent  STRUCTURE) 

/'>T\  CTIuHtT  A'TTrYMC 


'2D/3D  SIMULATIONS 

^^\’.ALCULATED  FROM  RESULTS  OF  REFERENCE  21,  BASED  UPON  FUEL  AT  3.6<;/LB 
AND  COST  OF  DELAY  TIME  AT  $9.62/MlN  (AIR  CARRIERS) 


MLS  may  provide  for  reduced  localizer  interference  due  to 
reflections  from  buildings  and  other  ground  objects.  It  may 
also  provide  for  operational  benefits  in  taxiing  departures 
through  reduction  in  glide  slope  critical  areas.  With  its 
ability  to  define  precision  curved  paths,  MLS  may  provide 
for  both  noise  relief  and  reduced  airspace  conflicts.  In 
addition  to  those  benefits,  MLS  may  provide  for  the  continu- 
ation of  additional  operationally  efficient  curved  or  segmented 
terminal  procedures  to  lower  visibility  minima  than  otherwise 
possible.  Finally,  in  conjunction  with  other  E&D  elements 
(M&S,  RNAV) , MLS  may  help  provide  for  an  enhanced  fail  opera- 
tional capability  and  more  precise  turn  capability  within  MLS 
coverage. 

MLS  can  provide  a siting  where  the  lack  of  an  adequate  ground 
plane  makes  an  ILS  installation  impossible,  or  of  poor  quality 
(resulting  in  very  high  approach  minima).  This  is  applicable 
to  one  existing  ILS  (MIA  9L)  and  one  desired  future  installation 
(ORD  4L) . In  some  geographical  areas,  there  is  a requirement 
for  more  than  the  19  ILS  frequencies  available.  MLS,  with  200 
frequencies,  will  eliminate  this  problem  (ORD,  LAX,  SFO) . In 
addition  to  providing  frequencies  for  new  users  at  other  air- 
ports in  the  reception  region,  this  will  enable  the  major 
airport  to  be  assigned  unique  frequencies  for  each  runway  end, 
reducing  the  maintainance  outage  impact.  Reduced  localizer 
Interference  will  have  benefit  at  those  airports  with  existing 
interference  problems  (LAX,  MIA  9L  and  SFO  28L/R) , and  airports 
with  anticipated  future  construction  in  areas  likely  to  cause 
such  Interference  (DEN  28L,  35L) . Reduced  glide  slope  critical 
areas  may  lead  to  operational  efficiency  in  taxiing  of  aircraft 
at  ORD  (A/D  runways  in  CAT  II),  JFK  (A/D  on  4L) , LGA  (A/D  on  13, 
yielding  a 9 operations/hour  capacity  recovery),  ATL  (8,  and  in 
future  on  9L) , MIA  (9L,  30)  and  SFO  (28R  in  CAT  II).  In  all 
these  cases  aircraft  taxiing  for  departure  currently  must  pass 
through  the  ILS  glide  slope  critical  area,  which  can  be  done 
by  only  one  aircraft  at  a time,  causing  operational  inef- 
ficiencies. Reduced  glide  slope  critical  areas  would  allow 
this  problem  to  be  lessened  or  eliminated. 

The  ability  to  define  precise  curved  paths  with  MLS  serves  in 
some  cases  to  reduce  or  eliminate  airspace  conflicts  and 
reduce  noise.  Major  airspace  conflicts  between  JFK  and  LGA 
may  be  resolved  with  a set  of  four  curved  approaches  (LGA  13, 

22,  31  and  JFK  13L/R) . This  yields  a capacity  increase 
(averaged  over  the  total  spectrum  of  yearly  operating  conditions) 
of  3%  at  LGA  and  average  noise  reductions  of  6%  at  LGA  and  2%  at 
JFK.  The  provision  of  precise  missed  approach  guidance  may 
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permit  independent  IFR  and  marginal  VFR  operations  on  13L/R 
at  JFK,  and  help  to  permit  independent  IFR  operations  on  AL/R 
(3000  foot  separation  between  runways).  Precise  curved 
approaches  may  help  to  reserve  conflicts  of  ORD  32  parallels 
with  Midway,  and  to  keep  parallel  approaches  at  ATL  within  the 
TCA.  At  SFO,  the  precise  departure  guidance  available  from 
MLS  may  permit  shoreline  departures  from  28L/R  in  IFR  and  poor 
VFR  conditions,  with  a resultant  30  operations/hour  capacity 
increase  in  VFR,  and  noise  reductions.  Additional  curved  MLS 
approaches,  generally  following  existing  VFR  approaches,  may  be 
applied  for  noise  reductions  at  ORD,  ATL,  LAX  (24L/R  Northwest 
Approach,  "Big  Tank")  and  SFO  (28L/R  Visual).  In  addition  to 
these  applications  of  MLS  for  reduced  minima  for  existing  VFR 
approaches,  MLS  may  provide  for  an  additional  arrival  stream 
on  JFK  22L  or  13R  when  13L/R  or  22L/R,  respectively,  are  being 
used  for  arrivals.  The  JFK  13L/R  (Canarsie)  approach  may  also 
be  able  to  be  employed  to  lower  minima. 
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MLS  MAY  HELP  TO  PROVIOE  ESUXSCEl)  FAIL  OPEPATKVIAL  AS!)  PRECISE  TERN  CAPABILITIES  AT  MOST 
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TABLE  5 5 

SUMMARY  OF  IMPACTS  OF  ASTC,  RNAV.  MLS 
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APPENDIX  A 


CAPACITY  MODEL  INPUTS  AND  RESULTS 

The  inputs  used  to  compute  the  capacity  and  the  E&D  capacity  impact 
results  at  the  eight  airports  are  given  in  this  appendix.  The 
inputs  can  be  divided  into  two  sets:  standard  input  set  obtained 
from  Reference  7 and  case  specific  inputs  for  particular  configura- 
tions at  the  eight  airports.  These  latter  are  given  in  the  reports 
on  the  individual  airports. 


Tables  A-1  through  A-4  show  the  standard  inputs  used  in  the  capacity 
computation.  These  inputs  were  developed  in  Reference  7.  Table 
A-i  shows  the  IFR  arrival-arrival  separation  standard  for  Today  and 
the  four  ATC  Groups  under  safe  conditions  (Green  Light)  , as  well  as 
their  fallback  position  under  vortex  condition.  Table  A-2  shows  the 
VFR  arrival-arrival  separation  standards.  These  are  only  analytic 
constructs  to  appropriately  represent  operations  under  VFR  conditions 
in  the  modeling  process  and,  hence,  should  not  be  considered  regulatory 
in  nature.  Table  A-3  shows  the  predicted  departure  rules  for  the 
four  ATC  groups.  The  M&S  buffer  and  the  Wake  Vortex  System  utiliza- 
tion are  shown  in  Table  A-4.  Although  the  basic  (IOC)  and  the 
advanced  M&S  system  reduce  the  delivery  error,  the  number  of  standard 
deviations  (sigmas)  to  be  protected  against  is  increased  from  1.65 
(0.05  probability  of  violation)  to  2.33  (0,01  probability  of  viola- 
tion). This  is  due  to  the  fact  that  in  the  current  system  the  con- 
troller is  able  to  anticipate  situations  in  advance  and  reduce  the 
probability  of  operational  violation.  The  increase  in  the  number  of 
standard  deviations  in  the  M&S  buffer  assures  a suitably  low  violation 
probability  under  a tighter,  less  flexible  automated  system.  The 
estimates  of  Wake  Vortex  System  utilization  are  based  on  some  pre- 
liminary analysis  of  vortex  data. 


TABLE  A 1 

IFR  SEPARATION  STANDARDS 
(NMD 


TABLE  A 2 

VFR  SEPARATION  STANDARDS 
(NMI) 


•VORTEX  ADVISORY  SYSTEM  FOR  GROUPS  1 AND  2 
WAKE  VORTEX  AVOIDANCE  SYSTEM  FOR  GROUPS  3 AND  4 
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DETAIL  OF  CAPACITY  VALUES 


This  appendix  presents  more  detailed  capacity  values  to  support  the 
presentation  in  Section  4.  All  capacity  values  were  calculated  based 
upon  50%  arrivals.  The  terms  "Full  E&D"  and  "Fall  Back"  refer  to  con- 
ditions of  reduced  or  increased  separation  requiements  indicated  by 
VAS/WVAS. 

Table  B-1  gives  the  detail  of  the  evaluation  of  capacity  loss  in  the 
future  resulting  from  the  increasing  percentage  of  heavy  aircraft 
in  each  airport's  traffic  mix. 

Table  B-2  gives  the  values  of  the  average  future  capacity  gains  at 
each  of  the  eight  airports.  Included  in  the  Table  are  partial  results 
for  Group  3 provided  by  AEM-100. 

Tables  B-3  and  B-4  present  the  detailed  capacity  values  and  percent 
increases,  by  configuration  at  each  of  eight  airports,  as  reported 
in  the  seven  individual  task  force  reports. 

Table  B-5  presents  the  partial  Group  3 values  prepared  by  AEM-100. 
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TABLE  B 1 

CAPACITY  LOSS  DUE  TO  INCREASING  NUMBER  OF  HEAVY  AIRCRAFT 


I’KRCLNT  HKAVY 

AIRCRvAFT  IN  MIX 

AVKRACE  PERCKNI'ACE  CAPACITY 
LOSS  TODAY  VS  CROUP  4 TIME 
FRAME  DUE  TO  INCREASINC 
NUMBERS  OF  HKAVY  AIRCILM'T 

AIRI’ORT 

TODAY 

CROUP  2 

TIMK  FRAUK 

CROUP  4 
TIMK  FRAME 

VFR 

I FR 

OKI) 

13 

25 

48 

7 

5 

-i  KK 

62 

67 

72 

1 

0 

LOA 

3 

9 

15 

5 

3 

m.N 

9/1  3* 

15/22* 

25/35* 

17 

4 

ATL 

13 

33 

46 

1 1 

10 

LAX 

31 

50 

70 

9 

6 

MIA 

25 

36 

48 

4 

4 

SFO 

18/20* 

24 

39 

3 

2 

*VFR/IKR 


1 

I 
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TABLE  B 2 

AVERAGE  PERCENTAGE  CAPACITY  INCREASE* 


CKOUl’  2 


I'ul  1 


Fiill  Back 


CROUP  3 


Pull 


Fall  Hack 


CROUP  4 


Ful  1 


Fall  Hack 


VTT! 

ORl) 

4 

■IFK 

10 

LCA 

■ 

HEN 

H 

AIL 

■ 

LAX 

H 

MIA 

5 

SFO 

5 

IFR 

ORIl 

5 

•IFK 

15 

LCA 

3 

DEN 

9 

ATI, 

9 

LAX 

15 

MIA 

SFO 

COMPARED  TO 

TODAY 

13 

23 

2 

15 

13 

31 

5 

19 


21 

20 

9 

22 

18 

13 

12 

9 


36 

38 

14 

24 

18 

51 

6 

34 


10 

12 

6 

10 
10 
1 1 
8 
4 


17 

22 

8 

17 

10 

27 

2 

21 


**CROUP  3 VALUES  WERE  PART  OF  TASK  FORCE  EFFORT  ONLY  AT  MIA  AND  AT  SFO. 
PARTIAL  CROUP  3 VALUES  WERE  SUPPLIEll  BY  THE  FAA  FOR  OTHER  AIRPORTS 
FOR  SINGLE  CONFIGURATIONS  (SEE  TABLE  B-5). 


TABLE  B 3 

VFR  CAPACITY  VALUES 


•O^PARED  TO  VALLE  FOP  TOrJAV'S  SYSTEM  V.ITH  FI.TLRE 


TABLE  B 5 

SUPPLEMENTAL  GROUP  3 CAPACITY  VALUES 


APPENDIX  C 


IMPACT  OF  E&D  ELEMENTS  ON  BASIC 
RUNWAY  CONFIGURATIONS 


The  E&D  elements  affecting  runway  capacity  have  a greater  impact  on 
some  runway  use  configurations  than  others.  This  may  be  further 
Illustrated  with  the  aid  of  Table  C-1  and  Figure  C-1.  These  show 
the  percentage  capacity  gain  in  various  types  of  runway  use  for  the 
Group  4 time  frame  versus  today.  They  are  based  on  parameter 
values  generally  used  by  the  Task  Forces,  with  the  exception  of 
arrival  runway  occupancy  times.  These  have  been  set  at  values 
representative  of  the  presence  and  use  of  high  speed  exits.  The 
range  in  each  estimate  reflects  the  variation  in  the  percentage  of 
heavy  aircraft  in  the  fleet  mix  at  the  eight  airports. 

The  capacity  gains  represented  reflect  a runway  and  terminal  system 
with  no  major  internal  constraints  apart  from  ATC  system  performance. 
The  arrival/departure  runway  configuration  shows  the  least  benefit, 
due  to  the  fact  that  the  basic  timing  between  aircraft  can  mt  be 
further  reduced  from  today.  The  gain  that  occurs  is  due  to  . 
performance,  and  some  reductions  in  spacings  for  heavy  aircra.-^. 

Two  runways  in  a crossing  configuration  may  vary  in  actual  opera- 
tional appearance  from  the  equivalent  of  a single  arrival/departure 
runway  to  a dual-lane,  depending  on  the  geometry  of  the  intersection. 
For  a case  between  these  extremes,  the  potential  gain  is  around 
20-35%.  The  dual-lane  is  the  best  mixed  operations  configuration, 
and  offers  IFR  gains  up  to  60%.  For  arrivals  only,  VFR  gains  are 
less  than  IFR,  due  to  the  fact  that  current  spacing  criteria  more 
closely  reflect  feasible  spacings.  Finally,  the  relaxation  of 
departure-departure  spacing  requirements  may  yield  a large  impact 
for  a departure  only  runway  with  a large  percentage  of  heavy  aircraft. 

These  illustrations  serve  to  underline  the  conclusions  in  the  text 
of  this  report  as  to  the  most  effective  application  of  E&D  products. 


TABLE  C-1 

PERCENTAGE  CAPACITY  GAIN  IN  FUTURE  FOR 
VARIOUS  RUNWAY  USE  CONFIGURATIONS* 


VFR 

IFR 

13-16 

12-18 

17-39 

17-37 

17-39 

39-61 

17-30 

52-61 

5-44 

5-44 

ARRIVAL/DEPARTURE 
CROSSING** 
DUAL-LANE 
ARRIVAL  ONLY 
DEPARTURE  ONLY 


*BASED  UPON  MODEL  OF  REFERENCE  8,  WITH  ASSUMED  OPTIMUM 
RUNWAY  OCCUPANCY  TIMES,  AND  EIGHT  AIRPORT  REPRESENTATIVE 
AIRCRAFT  MIXES. 

**A  "SHORT/LONG"  CROSSING  CONFIGURATION  WAS  MODELED  - OTHER 
CROSSING  CONFIGURATIONS  WILL  HAVE  DIFFERENT  RESULTS. 


AliKIVAI./ 

DI'PARTIIRK 


CROSSING 


DtlAI.- 

LANT 


ARRIVAL 

ONl.Y 


DLrARTURK 

ONl.Y 


HGURE  C l 

PERCENTAGE  CAPACITY  GAIN  IN  FUTURE  FOR  VARIOUS 
RUNWAY  USE  CONFIGURATIONS 
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AIRPORT  LAYOUT  SKl'TC.HF.S 

Klguro  R-l  provides,  for  referenee,  sketches  ol  the  runway  layout 
at  the  eight  airports.  It  may  be  pulled  out  for  reference  as  the 
report  is  read. 


